which have been well studied in the last
decade, with Microtus species, which have
been studied less intensively, in Fig. 2, b
and c¢. Peromyscus shows a much better fit
(r = .93) to the equation than does Micro-
tus (r = .68), suggesting that poorly stud-
ied species serve only to increase the vari-
ance and do not introduce artificial corre-
lations into the data.

In conclusion, the number of mite spe-
cies using a rodent species is a function of
the rodent’s distributional area and, to a
small degree, its latitude. The fit to the spe-
cies-area equation reported here suggests
that island biogeography theories are plau-
sible explanations for the data observed,
although conclusive evidence would re-
quire that species turnover rates for host
“islands” be measured (/8). For mites on
mammals we believe the resulting species
equilibrium numbers are determined by
immigration and extinction rates which act
primarily in evolutionary time. One would
not expect that increasing area would
greatly increase the colonization rate in
ecological time for host-specific mite spe-
cies.

WILLIAM DRITSCHILO

HowARD CORNELL

DonAaLD NAFuS, BARRY O’CONNOR
Department of Entomology, Cornell
University, Ithaca, New York 14853
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Leukemia Virus-Induced Immunosuppression:

Scanning Electron Microscopy of Infected Spleen Cells

Abstract. Spleen cells from mice infected with Friend leukemia virus were examined by

scanning electron microscopy. Whereas splenocytes from normal noninfected animals
showed the expected morphologic classes of lymphocytes, including those with smooth
surfaces and with numerous villous projections, an alteration of cell type was evident
within a few days after infection. Friend leukemia virus caused a rapid decrease in the
number of villous cells, with a concomitant increase in the number of cells with smoother
surfaces. By the end of the first | to 2 weeks after infection the majority of cells were
smooth, many showing distinct morphologic changes, including ' holes” and a spongy ap-
pearance. Nearly all of the splenocytes were abnormal in appearance by days 17 to 30 af-
ter infection, with most showing a spongy topography. These changes paralleled the
marked immunosuppression induced by Friend leukemia virus infection, as well as the
appearance of virus-associated surface antigen on individual splenocytes. Topographic
changes evident by examination with scanning electron microscopy were not readily ap-
parent by either standard histology or transmission electron microscopy.

Infection of susceptible strains of mice
with an oncornavirus such as Friend leuke-
mia virus (FLV) invariably leads to a
marked and generalized immunosuppres-
sion (/). However, the mechanism where-
by tumor virus infection depresses im-
munologic competence is still not clear.
Earlier studies in this and other laborato-
ries suggested that leukemia viruses prefer-

rather than antibody-forming cells per se
(2). Cell transfer studies with splenocytes
from leukemia virus-infected mice, as well
as transfer of bone marrow or thymocytes
(or both) from infected animals, focused
attention on the B lymphocyte as the most
likely target of leukemia virus-induced im-
munosuppression (3). Furthermore, immu-
nohistologic studies revealed a marked de-

entially affect antibody precursor cells crease in cells bearing immunoglobulin

Fig. 1. Scanning electron micrographs of spleen cells. (A) Typical spleen cells from normal Balb/c
mice showing villous and smooth cells; (B) spleen cells from S-day infected mice showing moderate
changes including fewer villous cells and one moderately *“‘spongy” cell; (C) 7-day infected spleen
cells, many of which are large and deformed with altered surface topography (arrow); (D) 10-day in-
fected spleen cells with smoother surfaces and one highly spongy cell (arrow); (E) 17-day infected
spleen cells most of which are large and deformed; (F) spleen cells from 30-day infected mice show-
ing large, smooth surfaces, some with *“holes” and spongy appearance (arrow) (x 2500).
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Fig. 2. Large smoother surfaced cells characteristic of FLV infection. (A) Cell with smooth surface,
some villi, and occasional “holes™; (B) large cell with highly spongy surface characteristics 30 days
after infection (x 7900).

surface receptors and a depression in
the capping response of immunoglobulin
positive cells prior to development of
splenomegaly but concomitant with the
initial development of immunosuppres-
sion (4). Both immunoglobulin surface
receptors and capping are characteristic
of B cells.

A previous study in this laboratory on
the ultrastructure of antibody-forming tis-
sue from FLV-infected mice (5) showed
the presence of virus particles in immature
blastlike lymphoid cells but not in plasma-
cytes which are generally considered the
major cell type involved in antibody syn-
thesis. However, subsequent studies
showed virus particles budding directly
from the surface of plasma cells actively
secreting antibodies to sheep erythrocytes,
indicating that virus infection and anti-
body formation by individual immuno-
cytes were not mutually exclusive events
(6). Recently, scanning electron microsco-
py has been utilized to differentiate B and
T lymphocytes on the basis of surface to-

pography (7). Although there is consid-
erable overlap, it is generally felt that lym-
phocytes with numerous surface villous
projections represent B lymphocytes,
whereas T cells have many fewer villi or
none at all when examined under appropri-
ate conditions (7). Thus it seemed likely
that examination of the spleen as well as
other lymphoid tissue of FLV-infected
mice by scanning electron microscopy
might provide a valuable insight into the
effects of leukemia virus infection on lym-
phocyte populations. Such changes might
then be related to the infectious process per
se and the development of immuno-
suppression.

For this study Balb/c mice were infected
by intravenous injection of a stock FLV
preparation (2-4). At various times there-
after representative mice were killed, and
their spleen was obtained and minced into
single cell suspensions, which were then
processed by Ficoll-Hypaque centrifuga-
tion (8). The resulting lymphocyte-rich
preparations were washed twice in

McCoy’s medium, fixed in | percent gluta-
raldehyde, and prepared for scanning elec-
tron microscopy examination by the meth-
od of Polliack (7). Samples were dried by
the crifical point method of Anderson (9),
coated with gold paladium, and examined
with an Etec autoscan microscope oper-
ating at 20 kv. In a parallel series of ex-
periments representative animals from
each group were immunized with sheep
erythrocytes, and the number of antibody
plaque-forming cells in the spleen of these
animals was determined by the localized
hemolytic assay in agar gel (3, 8). In addi-
tion, the spleen cell suspensions were ex-
amined by standard fluorescent micros-
copy for cells bearing surface immuno-
globulin receptors, theta antigen, and
FLV-induced tumor-associated antigeh
(4). At least 500 cells from duplicate spleen
cell suspensions were examined to deter-
mine the percent of nucleated splenocytes
with these surface markers.

Examination of spleen cells from nor-
mal mice for surface topography by scan-
ning electron microscopy showed the ex-
pected spectrum of lymphoid cell types. As
seen in Fig. 1A, most of the splenic lym-
phocytes from normal mice had numerous
villous projections typical of B lympho-
cytes; lymphocytes without projections,
presumably T cells, were also evident, but
in smaller numbers. Many intermediate
cell types with fewer villi were present, as
were typical macrophages. Polliack ez al.,
studying normal B6 mouse spleen cells, re-
ported recently that about 37 percent of
the spleen cells were smooth and 47 per-
cent villous, with the remainder of inter-
mediate topography (7). Although this per-
cent generally correlated with immuno-
fluorescent studies, it should be noted that
a smaller percentage of cells were stained
with anti-immunoglobulin serum and anti-
theta serum (7). The higher percentage
of villous cells in normal Balb/c mice

Table 1. Changes in spleen cell populations in Balb/c mice after infection with FLV (Friend leukemia virus). Abbreviations: SRBC, shee.pvred blood
cells; PFC, plaque-forming cells; slg, surface immunoglobulin; SEM, scanning electron microscopy; 1Dso, dose infectious to 50 percent of recipients.

Tire: Average Number of rg’;g:ggzo Percent lymphocytes SEM topography
ime 1n staining fori ercent)¥
st T RS sk g -
infection* (mg) (x107) per spleen)t Fl._V Th.eta slg Smooth Inter- Villous
(x10% antigen antigen mediate
NoninfectedS 147 + 13 19.5 + 3.6 98.5 £9.5 <1 345 38.2 18 12 70
2 155 +22 21.3 £ 45 86.1 +6.3 45 335 32.1
5 185 + 37 29.7 + 3.6 425 +£39 12.9 28.5 243 31 40 29
7 351 £ 62 345 +55 8215 38.5 273 21.1
10 612 + 110 42.6 +39 45+ 1.1 76.2 19.5 14.3 29 60 11
17 1860 + 350 81.8 + 64 0.8 £0.3 83.5 8.3 5.2 45 49 6
25 2560 + 865 157.8 + 10.2 0.5 +0.2 88.6 6.2 25 99 <l <l
30 2465 =918 196.9 + 7.8 < 0.1 £0.1 94.5 42 <1

*Groups of mice infected by intravenous injection of 1: 100 dilution of FLV (50 to 100 ID,,) on day indicated before assay; five to ten mice tested at each time interval.

tAverage PFC response for five to ten spleens 4 days after intravenous immunization with 4 x 108 SRBC.
face antigen when stained with fluorescein-labeled antiserums.

tion. € Controls.
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tAverage percent of spleen cells positive for indicated sur-
§Average percent of spleen cells with indicated surface morphology as determined by SEM examina-
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in this study might have been due to
strain differences or a difference in mouse
age. However, the percentage of immuno-
globulin and theta antigen positive cells
from normal Balb/c mouse spleen cells
indicated that there was a general corre-
lation between cells classified by scan-
ning electron microscopy and cells bear-
ing globulin or theta antigen surface
markers, similar to the study by Polliack
etal. (7).

Within S days after infection with FLV a
marked change in the percentage of the
smooth and villous cell types was evident
by scanning electron microscopy (Fig. 1B).
An increasing number of cells appeared
with smooth surfaces; these were generally
larger than the typical smooth cells ob-
served in normal mice. This type of cell in-
creased rapidly during the next few days,
so that by days 7 to 10 after infection 45
percent of the lymphoid cells were of this
type (Fig. 1, C and D, and Table 1). By day
17 most splenocytes had a smooth topog-
raphy (Fig. 1E and Table 1). Many of these
smooth cells appeared to have “holes” in
their surface; these cells first became ap-
parent on days 5 and 10 and increased in
number so that by day 30 numerous cells
of this type were prominent (Fig. 2, A and
B). These changes in cell type preceded the
development of overt splenomegaly, which
first became evident on days 7 to 10 and
reached a maximum by 25 to 30 days after
infection (Table 1). By this time most of
the spleen cells were of the large, smooth-
surfaced type, with few normal lympho-
cytes evident.

Immunosuppression preceded devel-
opment of overt splenomegaly and the
marked alteration of cell types shown by
scanning electron microscopy (Table 1).
However, FLV-associated antigen became
evident in the spleen as early as 2 days af-
ter infection, and then increased rapidly so
that a majority of the spleen cells showed
FLV surface antigen by the tenth day after
infection (Table 1). Similarly, the per-
centage of splenocytes containing surface
immunoglobulin decreased as a function of
time after infection. This decrease paral-
leled the decrease in number and per-
centage of highly villous cells in the spleen
and was consistent with the likelihood that
many villous cells represented B cells bear-
ing surface immunoglobulin. There was a
somewhat slower but still consistent de-
crease in the number and percentage of
cells staining with antitheta serum during
the course of infection (Table 1). It should
be noted that these changes were not due
merely to splenomegaly and dilution of
“normal” spleen cells by tumor cells
(Table 1).

The results of these studies are consist-
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ent with and extend earlier findings con-
cerning histologic and ultrastructural fea-
tures of lymphoid tissue from FLV-infect-
ed mice (3, 6). In those studies the marked
immunodepression induced by FLV infec-
tion seemed temporally related to the mor-
phologic alteration in the spleen, the organ
where more than 95 percent of the anti-
body-forming cells appear in normal mice
after a single intravenous or intra-
peritoneal injection of sheep red blood
cells. The examinations with scanning elec-
tron microscopy in the present study fur-
ther revealed rapid changes of cell types
which are difficult to ascertain by direct
histologic studies or transmission electron
microscopy (3, 6).

The earlier studies had shown that cells
rich in ribosomal particles and endoplas-
mic reticulum appeared within the first
week after infection and, moreover, that
many intracellular and surface particles
characteristic of C-type virus were present
in such cells. In the present study numer-
ous large, smooth cells with a “spongy”
surface punctuated by many holes were ob-
served at the same time intervals after
virus infection. It was not possible, how-
ever, to identify viruslike particles bud-
ding from these cells, even at higher mag-
nifications (x 20,000). Nevertheless, the
earlier transmission electron microscopy
studies (5, 6), as well as fluorescent anti-
body studies (4), showed that a large per-
centage of cells in the spleen of FLV-in-
fected mice contain virus-associated anti-
gen. Thus the ““holes” in the surface of the
spleen cells might represent changes due to
either virus replication or, alternatively, to
immunologic injury due to antigen-anti-
body reactions on the surface of infected
lymphocytes following a possible immune
response of the host to the FLV antigen.

However, further studies are necessary to
determine whether an antivirus immune
response early after infection induces these
changes. Similarly, the relation between
topographic changes revealed by scanning
electron microscopy to other changes in-
duced by leukemia virus infection, espe-
cially immunosuppression, require investi-
gation.
PAuL FARBER
STEVEN SPECTER
HERMAN FRIEDMAN
Departments of Microbiology and
Pathology, Albert Einstein Medical
Center and Temple University
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Differentiation of Red Blood Cells in vitro

Abstract. Differentiation of red blood cells occurs in organ cultures of both liver and
kidney tissue from tadpoles of the bullfrog Rana catesbeiana. Qur evidence indicates that
different red blood cell lines are produced by the two tissues and that these different cell

lines contain different tadpole hemoglobins.

Using organ cultures of kidney and liver
tissue from tadpoles of the bullfrog Rana
catesbeiana, we have evidence that these
two erythropoietic tissues simultaneously
produce different red blood cell lines con-
taining different tadpole hemoglobins.

The larval stages of the bullfrog last for
1 to 2% years, depending on how many
winter seasons the animal must endure be-
fore reaching metamorphosis. During the
larval period, the most obvious morpho-
logical changes are the overall growth of

the animal and the development of hind
legs. Three major and one or more minor
types of hemoglobin are found in the circu-
lating red blood cells (RBC’s) during this
period (). Both the liver and the kidneys
have been suggested as possible erythro-
poietic sites in the tadpole (2).

This report represents an important step
in a series of studies that have progressed
from in vivo to in vitro evaluation of sites
of hemoglobin synthesis and erythropoiesis
in bullfrog tadpoles. We first found that
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